OBJECTIVE: To assess the relationship between the measures of body weights of parents and those of their children during the ®rst two years of life. SUBJECTS: Seventy-eight infants born to obese (`high risk') or nonobese (`low risk') mothers. METHODS: Weight, weight for length and skinfold thicknesses of the high and low risk infants were measured at 3 months, 12 months and 24 months of age. A multiple linear regression analysis assessed the contributions of nine risk factors, including paternal and maternal body mass index (BMI: kgam 2 ), to the weight and weight for length of infants at 12 months and 24 months of age. RESULTS: There were no differences between the high and low risk groups in weight, weight for length or skinfold thicknesses at 3 months, 12 months or 24 months of age. Neither paternal nor maternal BMI entered the multiple regression. CONCLUSIONS: These results suggest that genetic in¯uences on the body weight of infants may be independent of those that in¯uence BMI in adults, a circumstance that could complicate the search for genetic determinants of obesity.
Introduction
The relationship between measures of the body weight of parents and their adult offspring is well established with a correlation coef®cient of between 0.20 and 0.30. 1 Far less attention has been paid to the relationship between the body weights of parents and their offspring in infancy. We report here a study that addressed this issue. It is a prospective longitudinal study of infants at high risk of obesity by virtue of obesity in their mothers. 2 It was designed to replicate a previous study of the growth and development of 18 infants born to lean or obese mothers. 3 In that study, 3-month old infants with both obese mothers and a low total energy expenditure (TEE) showed a greater body mass index (BMI kgam 2 ) at 12 months of age than infants without these characteristics. The current study enrolled 78 infants, half born to obese mothers and half to lean mothers, who were assessed at 3 months, 12 months and 24 months of age.
Subjects
We screened 1219 mothers to enroll 82, healthy, fullterm infants. The study group was con®ned to Caucasian infants because of the different growth patterns of non-Caucasian infants. The mothers' obstetricians reported that all had experienced normal pregnancy, labor and delivery. Inclusion criteria were: a maternal pre-pregnancy BMI of greater than the 66th percentile or less than the 33rd percentile for age group; 4 and that infants be full-term and healthy. In addition to maternal BMI and ethnic origin, exclusion criteria included gestational age of`36 weeks or b 42 weeks, low or high weight for gestational age, gestational diabetes and maternal age`18 y.
Methods
Birth weight was obtained from hospital records and mothers' height and pre-pregnancy weight were obtained from their doctor's of®ces. Paternal weight was either self-reported or measured during a visit to the Growth and Nutrition Laboratory. Body size was assessed by standard methods. 5 When the children were 3 months, 12 months and 24 months, weight was measured in triplicate on a Scaletronix digital scale (Scaletronix, Model 4800, Carol Stream, IL), length on an infant length board (Holtain Ltd, Crymych, UK), skinfold thicknesses by a skinfold caliper (Holtain Ltd, Crymych, UK) at the triceps and subscapular sites, and body fat by total body electrical conductivity (HP 2 -TOBEC, EM-SCAN Inc., Spring®eld, IL). Feeding mode (breast, bottle or mixed), three-day caloric intake, nutritive sucking behavior during a test meal, TEE by doubly labeled water, sleeping energy expenditure by indirect calorimetry and the interactions among them were also measured.
Statistical analysis
We ®rst compared, with two-sample t tests, high and low risk infants at 3 months and 12 months for all variables related to weight and possible in¯uences on weight. We then predicted 12 month and 24 month outcomes (weight and weight for length) by hierarchical linear regression analysis that assessed the independent contribution of most of the variables that have been proposed as risk factors for obesity: maternal and paternal BMI, gender, 3-month weight, sleeping energy expenditure, feeding mode, 3-d caloric intake, intensity of infant sucking behavior and the interaction among them. Table 1 presents the characteristics of parents of the two risk groups and the birth weights of their infants. Mothers in the high risk group were signi®cantly heavier than those in the low risk group, as were the fathers in the high risk group, but to a lesser degree. The birth weights of the high and low risk infants did not differ.
Results
There was no difference between the risk groups in body size or composition, at either 3 months, 12 months or 24 months of age and no difference in weight gain or change in percentage of body fat by TOBEC or by skinfold thickness (Tables 2 and 3) .
As noted in Table 1 , the BMI of the fathers of the high risk subjects was higher than that of the low risk subjects and, in fact, 20 of 40 fathers in the high risk group were obese (BMI ! 27.8) as were 10 of 38 in the low risk group. To supplement the two-group analysis we constructed three risk groups, comprised of either two obese parents (n 20), one obese parent (n 28) or no obese parents (n 30). An analysis of the various measures of body size of the infants in these three risk groups again revealed no differences.
To further examine the effect of parental BMI on body size and composition of their offspring, we conducted a multiple regression analysis. Despite the fact that 62% of the variance in body weight at 12 months and 70% at 24 months were accounted for, neither maternal nor paternal BMI entered the regression. A large proportion of the variance at each age was accounted for by body weight at the previous time point (41% at 12 months and 70% at 24 months). Accordingly, the regression was repeated without entering the weight. Neither maternal weight nor paternal weight entered the regression predicting 
Discussion
These results were a surprise to colleagues with whom we discussed them. The in¯uence of genetic factors on human obesity is so widely accepted that it seems to be a general belief that these in¯uences are exerted throughout the life cycle. Not all studies that have examined the relationship between the body weights of mothers and their offspring, however, have found such a relationship. The large studies of human development (Fels Longitudinal Study, Bogalusa Heart Study, etc.) and the large HMOs (Kaiser Permanente Health System, etc.) should provide such information, but representatives of these programs said they had not. A review of the literature reveals that the relationship between maternal and offspring weights has been found more often at birth than during the ®rst two years of life. Table 4 shows that three large studies 6 ± 8 found signi®cant correlations between the weights of mothers and the birth weights of their offspring, with values 15 and three smaller studies 16 ± 18 found no such relationship. Turning to the ®rst two years of life, studies of the relationship between the weights of mothers and their offspring showed more discrepant results ( Figure 6 ). Only four studies found such a relationship; ®ve did not. Hashimoto et al 19 reported a correlation of 0.275 between maternal and offspring weights during the ®rst year of life. Three other studies 12, 16, 18 found that the offspring of obese mothers were heavier than those of nonobese mothers, but only after ages that varied from 6 months to 4 y. By contrast, ®ve studies, 17,20 ± 22 including a personal communication by Robert Whitaker, found no relationship between measures of maternal and offspring weight during the ®rst two years of life. The study of Cardon 22 is particularly important in revealing that the resemblance between parents and offspring began at the age of 3 y. The heritability (h 2 ) at various ages is shown in Table 6 . It appears, for reasons that are not at all clear, that the relationship between the body weights of mothers and their offspring may be weaker during the ®rst two years of life than it is at birth. The disagreement among studies regarding this relationship during infancy, suggests that our failure to ®nd it, is not unusual. If it is as weak as it appears to be, it implies that genetic in¯uences on the body weights of infants are independent of genetic in¯uences on the body weights of adults. If these in¯uences are, in fact, independent, it would greatly complicate the search for genes for obesity, making it necessary to determine which genes exert their in¯uence at which periods in human development. The example of the sequential, single gene control of fetal haemoglobin suggests how complicated such an enterprise could become. 23 De®nitive information about these relationships can be obtained from large, well-controlled, longitudinal studies and we hope that this report will stimulate such studies.
